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Abstract 
Black pomfret Parastromateus niger is a commercially important fishery resource in 
the Persian Gulf but harvesting its stocks lacks genetic identification of populations. 
AFLP technique was applied to analyze genetic diversity and population structure of 32 
fish from coastal waters of Bandar Abbas, Bushehr and Abadan with 7 EcoRI/MseI 
primer pair combinations. In total, 381 bands were produced of which, 46 were 
polymorphic (12.07%). Percentage of polymorphic bands was higher in Bushehr 
samples (91.30%) than in Abadan (84.78%) and Bandar Abbas (73.91%) samples. The 
highest level of heterozygosity based on Nei’s coefficient and Shannon’s index was 
observed in Bushehr fish (0.38±0.16 and 0.54±0.21). Observed and effective alleles 
ranged from 1.73±0.44 and 1.53±0.40 in Bandar Abbas samples to 1.91±0.28 and 
1.70±0.34 in Bushehr samples. The average Fst was 0.19 indicating high genetic 
differentiation among the three locations. Gene flow with mean of 1.93 was the lowest 
level between Bandar Abbas and Abadan (1.24). Nei's genetic identity revealed the 
least genetic similarity between the samples of Bandar Abbas and Abadan (0.77). 
AMOVA analysis demonstrated 81% of the genetic variation within populations and 
19% among populations. The UPGMA dendrogram clustered all 32 individuals into 3 
groups. In some cases individuals from the same region were grouped together but in 
most cases, gene exchange was observed to be common among the groups. Analyses 
provided evidence for genetic differentiation among the three locations, indicating 
separate populations of black pomfret in the northern Persian Gulf. 
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Introduction 
Studies on population genetics have 
attracted much attention because 
genetic diversity and variance are 
particularly important for the 
sustainability of species. Population 
genetic analyses can provide indirect 
measures of connectivity among 
populations (Bossart and Prowell, 1998; 
Waples, 1998; Hellberg et al., 2002; 
Thorrold et al., 2002). Moreover, to 
manage a fishery resource effectively, it 
is important to investigate the genetic 
diversity and population structure 
because each stock must be managed 
separately to optimize yield. Failure to 
identify and manage individual 
population units can lead to local over-
fishing and ultimately to severe over-
fishing and decline of populations 
(Zhang et al., 2006).  
      Molecular markers are effective 
tools for analyzing genetic variation and 
population structure (Englbrecht et al., 
2000; Whitehead et al., 2003). There 
are several kinds of molecular markers 
among which, amplified fragment 
length polymorphism (AFLP) is a 
method developed for genomic DNA 
fingerprinting (Vos et al., 1995). AFLP 
uses both the techniques of restriction 
endonuclease digestion and polymerase 
chain reaction (PCR) amplification of 
restriction fragments, and thus as a 
multi-locus fingerprinting technique 
possesses the powers and overcomes 
the weaknesses of the RFLP and RAPD 
methods (Vos et al., 1995; Liu et al., 
2009). Simultaneous screening of a 
large number of polymorphic loci, high 
reproducibility due to high stringency 
of PCR, and relatively high cost 
effectiveness are the main advantages 
of the AFLP method (Liu and Cordes, 
2004). 
     AFLP has been applied to study 
genetic variation and population 
structure of many fishes, such as 
rainbow trout (Young et al., 1998), ayu 
Plecoglossus altivelis (Seki et al., 
1999), common carp (Wang et al., 
2000), channel catfish Ictalurus 
punctatus (Liu et al., 1998; Mickett et 
al., 2003), striped mullet Mugil 
cephalus (Liu et al., 2009) and so on. 
     The Carangidae are diverse marine 
fishes that include ecologically and 
economically important species such as 
the black pomfrets, Jacks, scads, 
trevallies, pampano, amberjacks, and 
queenfish (Reed et al., 2002). The black 
pomfret, Parastromateus niger, a 
member of the family carangidae, is a 
benthopalagic species distributed along 
the continental shelf throughout the 
Persian Gulf and western Pacific 
Oceans, ranging from the coast of South 
Africa east through Indonesia to 
Queensland, Australia and the southern 
coast of Japan and China (Witzell, 
1978; Pati, 1983; Smith-Vaniz, 1999). 
Black pomfret makes a daily vertical 
migration from muddy bottoms (15–40 
m in depth), where it spends its days, to 
the surface at night, presumably to feed 
on zooplankton and shows schooling 
behavior (Smith-Vaniz, 1999).  
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The black pomfret contributes to the 
commercial fisheries of the countries 
bordering the Persian Gulf including 
Iran (Bishop, 2003) and is ecologically 
and economically important in this 
region. The fishing of this species has 
been increasing during the recent years 
in Iran according to the statistics of the 
Iranian Fisheries Organization 
(www.shilat.com) and so, there is a 
concern about overfishing of its stocks. 
     Genetic variation is particularly 
important for the sustainability of 
species and so, much attention has been 
paid to research on population genetics. 
Loss of heterozygosity could have a 
deleterious effect on population fitness, 
and the population size must be kept at 
a certain level (Reed and Frankham, 
2002). Furthermore, important 
information could be attained by 
investigations of genetic diversity and 
population structure to program 
resource recovery. Molecular 
techniques also offer the ability to 
identify and monitor fish stock structure 
(Tudela et al., 1999). Although 
understanding genetic structure is 
important for the management and 
conservation of exploited species, 
presently, little information is available 
on the genetic structure of P. niger in 
the Persian Gulf. In the only published 
study, Abdali et al. (2007) designed a 
research to introduce molecular markers 
for the identification and differentiation 
of four species of Carangidae in the 
Persian Gulf and Oman Sea using PCR-
RFLP. AFLP technique has become one 
of the major methods for studies of 
genetic diversity, particularly for 
species like black pomfret, whose 
genomic sequence which is required to 
identify markers is not available 
(Bensch and Akesson, 2005; Meudt and 
Clarke, 2007). In the present study, 
black pomfret from three geographic 
locations in coastal waters of the 
Persian Gulf were analyzed using AFLP 
to characterize population genetics and 
stock structure.  
 
Materials and methods 
Fish sampling 
A total of 32 adult black pomfret were 
collected in May 2012 directly from the 
sea at 3 coastal locations of the 
Northern Persian Gulf (Fig. 1). The 
sampling locations were coastal waters 
of Bandar Abbas (BA), Bushehr (Bu) 
and Abadan (Ab). Geographic locations 
and sample sizes are presented in Table 
3. Muscle samples from each individual 
were cut, and then, preserved in 95% 
ethanol for DNA extraction. 
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Figure 1: Locations for sample collection of 
black pomfret in the Persian Gulf. 
 
AFLP analysis 
Total genomic DNA was extracted from 
muscle tissue using the standard 
phenol–chloroform method (Sambrook 
et al., 2001). DNA concentration was 
measured with a UV 
spectrophotometer. The quality of 
extracted DNA was assessed by 1.0% 
agarose gel electrophoresis. Procedures 
of AFLP analysis were essentially 
based on Vos et al. (1995) with some 
modifications. Seven primer 
combinations (E-ACA/M-CCG,                  
E-ACC/M-CCG, E-ACC/M-CCC,               
E-ACA/M-CAA, E-ACA/M-CCC,           
E-AAC/M-CAA, and E-ACC/M-CCG) 
were chosen for AFLP analysis. 
Sequences of AFLP adapters and 
primers are listed in Table 1. About  
300 ng of genomic DNA was digested 
in a 20 ml volume with 5 U EcoRI 
(MBI Fermentas), 5 U MseI (MBI 
Fermentas), and 2 µl 10X digestion 
buffer R at 37°C for 2:30 h and at 67°C 
for 2:30h, and then double-stranded 
adapters were ligated to the restriction 
fragments at 20°C for 10 h after adding 
2 U T4 DNA ligase (MBI Fermentas), 
0.5µl T4 DNA ligase buffer, 0.5µl 
EcoRI adapter (2µmol/l) and 0.5µl MseI 
adapter (20µmol/l) with a final volume 
of 25 µl. Pre-amplification PCR 
reaction was conducted in a 50µl 
volume containing 5µl restriction–
ligation mixture, 5µl 10× PCR buffer, 
4.0µl 2.5mM dNTP, 3µl 25mM MgCl2, 
1.5µl EcoRI C+ primer (50 ng/µl), 
1.5µl MseI  A+ primer (50 ng/µl), 1 U 
Tag polymerase (Cinnagen). The pre-
amplification PCR program was set at 
94°C for 2 min followed by 20 cycles 
consisting of 30 s at 94°C, 30 s at 56°C 
and 1 min at 72°C, followed by 5 min 
of final extension at 72°C. Selective 
amplification reactions were similar to 
pre-amplification reactions, substituting 
30 ng of each selective primer (EcoR+ 3 
and Mse+ 3 primer), and 0.5 ml of the 
pre-amplification product. Selective 
amplification reactions were conducted 
using the following profile: an initial 
denaturation step of 2 min at 94°C; 12 
cycles with 30 s at 94°C, 30 s at 65°C 
decreasing with 0.7°C per cycle, 2 min 
at 72°C; 23 cycles with 30 s at 94°C, 30 
s at 56°C, 2 min at 72°C; followed by 
10 min at 72°C. PCR products were run 
on 6.0% denaturing polyacrylamide gel 
electrophoresis (PAGE) for 2.5h at 
50°C on the Sequi-Gen GT Sequencing 
Cell (Bio-Rad, USA), and finally 
detected using the silver staining 
technique modified from Merril et al. 
(1979). 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       861 
 
Table 1: Oligonucleotide adapters and primers used in AFLP analysis. 
Primer  Sequence (5
´
-3
´
) 
Adapters    EcoRI-1  CTCGTAGACTGCGTACC  
  EcoRI-2  CATCTGACGCATGGTAA
 
 MseI-1  GACGATGAGTCCTGAG 
 MseI-2   TACTCAGGACTCAT 
Primer of pre-amplification  EcoRI  + 1  GACTGCGTACCAATTCA 
  MseI  + 1  GATGAGTCCTGAGTAAC 
Primer for selective amplification  E-ACA  GACTGCGTACCAATTCACA 
  E-ACC  GACTGCGTACCAATTCACC 
  E-AAC  GACTGCGTACCAATTCAAC 
  M-CCG  GATGAGTCCTGAGTAACCG  
  M-CCC  GATGAGTCCTGAGTAACCC  
  M-CAA  GATGAGTCCTGAGTAACAA 
     
Data analysis 
Clear and unambiguous bands in length 
ranging from 100 to 600 bp were 
considered as usable. AFLP bands were 
scored as “1” if present or “0” if absent 
excluding the smeared and weak ones 
by visual inspection, and transformed 
into 0/1 binary character matrix. For the 
three locations, the percentage of 
polymorphic loci (P), observed number 
of alleles (Na), effective number of 
alleles (Ne), genetic diversity (H), 
Shannon’s information index (I), Nei’s 
genetic diversity and genetic distance 
were calculated by POPGEN1.32 (Yeh 
and Boyle,1997). The gene flows were 
estimated using the equation: Nm ¼ (1- 
Fst)/4Fst (Wright, 1949). Fst values 
were analyzed using GenAlEx 6.5 
(Excoffier et al., 2005). For 
determining genetic relationships 
among fish from the three samples, 
similarity coefficients were estimated 
and the phenogram was constructed 
based on un-weighted pair-group 
method (UPGMA; Sokal and Michener, 
1958). The bootstrap test was 
performed with 1000 replications in 
NTSYS (version 2.02; Rohlf, 2005). 
Molecular variances within and among 
the three samples were estimated by 
analysis of molecular variance 
(AMOVA) using software GenAlEx 6.5 
(Peakall and Smouse, 2012).  
 
Results 
AFLP polymorphism and genetic 
variation for the three locations 
A total of 381 loci were identified, with 
a size range of 100–600 bp, using 7 
AFLP primer combinations from 32 
individuals among the three 
populations, of which, 46 loci (12.07%) 
were polymorphic (Table 2). The 
average number of bands scored per 
primer pair was 54.42 (range 42-73). 
The number of polymorphic loci 
amplified by each primer combination 
over all samples was 4-12, with an 
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average of 6.51 polymorphic loci per 
primer combination (Table 2).  
     The percentage of polymorphic loci, 
observed and the effective number of 
alleles, Nei’s genetic diversity and 
Shannon’s informative index for each 
sample are summarized in Table 3. The 
percentage of polymorphic loci varied 
within samples from 73.91% to 
91.30%. The values of Na were from 
1.73±0.44 to 1.91±0.28 and Ne from 
1.53±0.40 to 1.70±0.34. Nei’s genetic 
diversity and Shannon’s informative 
index ranged from 0.29±0.20 to 
0.38±0.16 and 0.43±0.28 to 0.54±0.21, 
respectively.  
     The average Fst was 0.19 (p<0.001), 
indicating significant genetic 
differentiation among samples. Pair-
wise Fst value among samples ranged 
from 0.15 to 0.22 and samples were 
significantly different (p<0.001; Table 
4). Additionally, pair-wise Fst analysis 
indicated the greatest genetic difference 
existed between samples of Bandar 
Abbas and Abadan; whereas, the 
difference between Abadan and 
Bushehr was the smallest. Moreover, 
gene flow (Nm) ranged from 1.24 
(between BA and Ab) to 2.80 (between 
Bu and Ab). 
Population structure 
Nei’s genetic distance analysis among 
the three locations was 0.16 –0.26 
(Table 5). The greatest genetic distance 
was between samples of Ab and BA, 
and the smallest difference was between 
samples of Bu and Ab. Nei's genetic 
identity also revealed the greatest 
genetic similarity between the samples 
from Bu and Ab locations (0.85) and 
the least genetic similarity between the 
samples from BA and Ab locations 
(0.77). 
       The UPGMA dendrogram clustered 
all 32 individuals into 3 groups. In 
some cases individuals from the same 
region were grouped together but in 
most cases, gene exchange was 
observed to be common among the 
groups. The 2-level hierarchical 
AMOVA analysis indicated that 81% of 
the genetic variation contained within 
samples and 19% occurred among 
samples. There were significant 
differences (p<0.001) among samples 
using the significance test with 1000 
permutations (Table 6). 
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Table 2: Number of loci generated by primer combinations. 
Primer   N1
a
 N2
b
 P
c
 (%)  
combinations      
E-ACA/M-
CCG 
 59 4 %06.77  
E-ACC/M-
CCG 
 45 5 %11.11  
E-ACC/M-
CCC 
 42 6 %14.28  
E-ACA/CAA  73 12 %16.43  
E-ACA/M-
CCC 
 54 5 %09.25  
E-AAC/M-
CAA 
 62 9 %14.51  
E-ACC/M-
CCG 
 46 5 %10.86  
Average  54.42 6.51             -  
Total  381 46 %12.07  
(a)N1: number of loci, (b) N2: number of polymorphic loci, (c) P: percentage of polymorphic loci. 
 
Table 3: Parameters of genetic diversity for samples of black pomfret. 
Sample Geographic 
location 
Sample size P
a
 Na 
b
 Ne 
c
 H
d
 I
e
 
BA 53°11´ E 
27°17´ N 
10 73.91 1.73(0.44) 1.53(0.40) 0.29(0.20) 0.43(0.28) 
Bu 50°83´E 
28°92´N 
11 91.30 1.91(0.28) 1.70(0.34) 0.38(0.16) 0.54(0.21) 
Ab 48°18´E 
30°20´N 
11 84.78 1.84(0.36) 1.62(0.37) 0.34(0.18) 0.50(0.24) 
(a) P: percentage of polymorphic loci, (b) Na: observed number of alleles, (c) Ne: effective number of alleles, (d) H: 
Nei’s (1978) gene diversity, (e) I: Shannon’s information index, f: Numbers in parentheses are standard deviation. 
BA: Bandar Abbas samples, Bu: Bushehr samples, Ab: Abadan samples 
 
                                              Table 4: Pairwise Fst (below diagonal) and gene flow (Nm) 
                                                             (above diagonal) between the three natural populations 
                                                               of black pomfret based on AFLP data. 
Sample BA Bu Ab 
BA **** 1.75 1.24 
Bu 0.20 **** 2.80 
Ab 0.22 0.15 **** 
BA: Bandar Abbas samples, Bu: Bushehr samples, Ab: Abadan samples 
 
Table 5: Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 
Sample BA Bu Ab 
BA *** 0.78 0.77 
Bu 0.25 *** 0.85 
Ab 0.26 0.16 *** 
BA: Bandar Abbas samples, Bu: Bushehr samples, Ab: Abadan samples 
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Table 6: Hierarchical AMOVA results for the three populations of black pomfret. 
Source of variance d.f. Sum of squares Variation  
component 
Percentage of 
variation 
p 
Among samples 2 58.3602 1.95 19% <0.01 
Within samples 29 241.32 8.32 81% <0.01 
Total 31 299.688 10.27 Fst = 0.19   
 
 
 
Figure 2: UPGMA dendrogram of 32 individuals of black pomfret based on the Dice 
similarity coefficients (1-10: Bandar Abbas samples, 11-21: Bushehr samples, 22-32: 
Abadan samples). 
 
Discussion 
The conservation of genetic variation is 
important for the long-term interest of 
any species (Falk and Holsinger, 1991). 
In this study, the seven AFLP primer 
combinations showed a high ratio of 
polymorphic loci. According to the 
polymorphic bands in the samples, the 
highest and lowest diversity were 
calculated in the populations of Bushehr 
(91.30) and Bandar Abbas (73.91), 
respectively. The level of Nei’s 
heterozygosity was also higher in 
Bushehr samples (0.38±0.16) than in 
those from other locations. According 
to the theory of population genetics, 
greater populations tend to keep genetic 
diversity at higher levels (Jones and 
Wang 2012; Wang, 2013). Therefore, 
there seems to be greater populations of 
black pomfret present in Bushehr than 
in Abadan and Bandar Abbas regions. 
     Hunting and overuse of food 
resources and environmental pollution 
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are among the main threats to global 
biodiversity and genetic variation 
(Novacek and Cleland, 2001; Dudgeon 
et al., 2006; Lewis, 2006). The 
difference in the genetic diversity of 
populations could be attributed to 
various parameters including to 
environmental pollutions. Research on 
the effect of environmental pollution on 
fish genetic diversity has been focused 
in some fish ecotoxicological studies. 
For example, Maes et al. (2005) 
showed a reduced genetic variability in 
European eel Anguilla anguilla (L.), 
collected from the sites that were 
polluted with heavy metals. The impact 
of pollutants or toxicants, such as heavy 
metals, pesticides or industrial waste, 
on the genetic diversity and structure of 
natural populations is a reduced genetic 
variability in polluted populations (Ma 
et al., 2000, Belfiore and Anderson, 
2001; Ciftci and Okumus, 2002). It 
seems that the intense environmental 
pollutions caused by different 
anthropogenic activities like the release 
of industrial wastewaters and oil 
extraction processes are one of the 
possible reasons for decreased diversity 
in Bandar Abbas samples compared to 
those from other locations. 
     Observing higher levels of genetic 
variation in the Bushehr population 
could be also attributed to the 
geographic differences between 
sampling locations and the physical-
chemical conditions of the study area. 
Differences in salinity (Nielsen et al., 
2004) and temperature (Banks et al., 
2007), and other geographical and 
physical-chemical factors can shape 
population structure of marine 
organisms and contribute to the levels 
of genetic diversity. In coastal waters of 
Bushehr, the entrance of fresh water 
from Mond, Helle and Dalaki Rivers 
into the sea and mixing of fresh and salt 
waters in this region, which is one of 
the important fishing sites, causes some 
environmental changes including the 
decrease in salinity and the increase in 
food richness in the area. These 
parameters would consequently result 
in more biodiversity in this region. 
Therefore, the level of genetic diversity 
may be affected by these changes, too. 
The same results were reported by 
Shokoohmand et al. (2011), who stated 
that genetic diversity of Jinga shrimp 
Metapenaeus affinis revealed by 
microsatellites collected from the 
mouth of Arvand and Bahmanshir 
Rivers (Lifeh- Busaf estuaries) where 
the water flows into the Persian Gulf is 
higher than that collected from the 
Bahrekan region in the sea. Also, 
Bechari et al. (2012) showed that the 
level of genetic diversity in mudskipper 
fish Periophthalmus waltoni revealed 
by RAPD markers was higher in 
Hendijan region in Khuzestan province 
where the mixing of fresh water of 
Zohreh River with salt water of the 
Persian Gulf occurs. This 
environmental condition results in the 
increase of biodiversity and genetic 
variation in this region. 
866 Sharifi et al., Application of AFLP molecular marker for genetic analysis of … 
The structure of natural populations can 
be viewed from two standpoints: the 
demographic structure, which is 
affected by processes such as birth, 
death and dispersal; and the genetic 
structure, which is influenced by 
processes such as mutation, drift, 
selection and gene flow (Slatkin, 1994). 
Two factors from these different 
standpoints that are tightly linked are 
dispersal (and migration) and gene 
flow, which refer, respectively, to the 
movement of individuals and gametes 
among populations. Bushehr is 
geographically located between the 
regions of Bandar Abbas and Abadan 
and so, the black pomfret population in 
Bushehr has the opportunity to breed 
with the two other populations and 
hence, this may be one of the more 
reasons for higher level of observed 
genetic variability.  
     According to the statistics of the 
Iranian Fisheries Organization, the 
amount of black pomfret fishing 
reaches 1716 tons in Hormozgan 
Province. Indeed, most of the catch of 
black pomfret occurs in the coastal 
waters of Hormozgan and this rate has 
always been higher in this region than 
in Bushehr and Abadan. According to 
the theory of population genetics the 
level of genetic variation in populations 
is positively correlated with the 
population size so, the decrease in the 
stocks of one species can led to the 
decrease in genetic diversity. The same 
situation exists in Bandar Abbas region 
and the decrease in black pomfret 
stocks due to overfishing and having 
less opportunity for breeding compared 
to other locations are other possible 
reasons for the decreased diversity in 
this region. 
      In this study, The level of genetic 
diversity of black pomfret 
(H=0.29±0.20 to 0.38±0.16 and I= 
0.43±0.28 to 0.54±0.21) was greater 
than those of many other marine fishes, 
i.e., silver pomfret Pampus argenteus  
(Zhao et al., 2011), small yellow 
croaker Larimichthys polyactis (Han et 
al., 2009), striped mullet M. cephalus 
(Liu et al., 2009), Yellow Drum Nibea 
albiflora (Han et al., 2006), Olive 
flounder Paralichthys olivaceus (Zhang 
et al., 2004) and Red seabream Pagrus 
major (Wang et al., 2001). This level of 
diversity was also higher than that in 
Pomadasys kaakan in the Persian Gulf 
in the sampling locations similar to that 
in the present study (Salari Ali Abadi et 
al., 2012) and in striped mullet also 
found in the Persian Gulf (Faqih 
Ahmadani et al., 2011). Large 
population size is believed to be 
responsible for the great levels of 
genetic diversity in many marine fishes 
(Avise, 2002).  
     The mean Fst value among 
populations was 0.19 (0.15 to 0.22).  
According to Wright (1978), Fst values 
below 0.05 indicate low genetic 
differentiation, values from 0.05 to 0.15 
moderate differentiation, values from 
0.15 to 0.25 high differentiation and 
values above 0.25 very high 
differentiations. Therefore, according to 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       867 
the results of this study, there is a high 
genetic differentiation among the black 
pomfret populations. Zhao et al. (2011) 
found the Fst value of 0.11 among six 
populations of silver pomfret P. 
argenteus from the Yellow and East 
China Seas, which indicates a moderate 
genetic differentiation. Results of the 
pair-wise Fst analysis indicated that 
there was a high genetic differentiation 
(0.22) between the samples of Bandar 
Abbas in the east and the samples of 
Abadan in the west of the Persian Gulf. 
This level of differentiation indicates a 
strong population structure. Population 
genetic structuring in widely distributed 
marine species has also been previously 
reported (Chapman, 1999; Abubert and 
Lightner, 2000; Rhodes et al., 2003). 
High genetic differentiation of Black 
pomfret populations in the Persian Gulf 
is consistent with the biology of this 
species and in fact, confirms a low 
amount of migration between 
populations in the Persian Gulf. Black 
pomfret has low swimming speed and 
shows schooling behavior. In schooling 
behavior, the fish tend to breed with 
each other in the population (Carpenter 
et al., 1997). In stocks of fish that live 
together and have schooling behavior, 
the produced population homogeneity 
results in a high differentiation with 
other populations in the long term. 
Results of this study provide evidence 
for separate black pomfret stocks in the 
northern Persian Gulf, and indeed, the 
Fst values among the three locations 
were all significantly different 
(p<0.001), suggesting that there could 
be at least three black pomfret stocks in 
the Persian Gulf.  
     Gene flow (Nm) is one of the main 
components of population structure, as 
it governs to what extent each local 
population of a species is a separate 
evolutionary unit. If there is a lot of 
gene flow between local populations, 
then that set of populations evolve 
together, while if there is low gene 
flow, each population evolves 
practically alone (Slatkin, 1994). About 
the level of gene flow, although this 
value (mean 1.93) is not high in the 
present study, it indicates that there is a 
moderate amount of migration between 
populations. It seems that having 
pelagic eggs and larvae (Smith-Vaniz, 
1984) is one of the main reasons for 
Nm>1 in this study for black pomfret. 
However, low level of gene flow also 
confirms high genetic differentiation 
among black pomfret populations in the 
Persian Gulf. 
     Based on the AMOVA analysis, the 
genetic variation was found to be 
mostly within populations (81%) and 
not so much among populations (19%). 
The AMOVA analysis also supported a 
significant differentiation among black 
pomfret populations. In silver pomfret 
P. argenteus from the Yellow and East 
China Seas, AMOVA analysis showed 
89.3% of the genetic variation within 
samples and 10.7% among samples 
indicating significant differentiation 
among populations suggesting at least 
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six populations are present in the two 
seas (Zhao et al., 2011).  
     However, most marine fish show 
low levels of genetic differentiation 
among geographic regions. This is 
likely due to the dispersal during the 
life history of planktonic eggs and 
larvae, or juvenile or adult migrations 
between ocean basins or adjacent 
continental margins (Hewitt, 2000; 
Rhodes et al., 2003). With developing 
cities and industries along the coast 
lines and discharging the contaminants 
into the seas, it’s probable that some 
spawning areas and nursery and feeding 
sites are destructed. Therefore, different 
populations shape in some separated 
habitats in a short geographically 
distant area (Qian et al., 2011). It seems 
that this also happened in the Persian 
Gulf and therefore, more within 
population differentiation is probably 
induced. 
     Genetic similarity was 0.80 (0.77-
0.85) between the black pomfret 
populations of different sampling sites 
in this study. Nei’s genetic distance 
analysis revealed that the differences 
between the three populations were 
within the limits of populations from 
the same species (Thorpe, 1982; Thorpe 
and Sole-Cava, 1994), indicating that 
they did indeed belong to the same 
species. According to the results, 
maximum genetic distance and 
minimum genetic similarity was 
observed between the samples of 
Bandar Abbas and Abadan. This 
observation is in accordance with the 
long geographical distance between 
these two regions. It is known that 
genetic differentiation generally 
increases with increasing geographical 
isolation. The animals which are 
geographically closer to each other have 
more genetic similarity and with the 
increase in geographical distance, 
genetic distance also increases (Zhao et 
al., 2007; Zawadzki et al., 2008; Zhao 
et al., 2011). 
     Our results provide evidence for 
separate black pomfret stocks in the 
northern Persian Gulf, and indeed, the 
Fst values and AMOVA analysis among 
the three samples were all significantly 
different, suggesting at least three 
populations are present in this sea. 
Moritz (1994) proposed the concept of 
management unit (MU), for populations 
with high genetic differentiation. Using 
this concept, the results probably 
indicate black pomfret in the northern 
Persian Gulf present at least three 
fisheries management units. 
     Since the results of this survey are 
the first molecular approval of the 
existence of different genetic 
populations of black pomfret in the 
Persian Gulf, the data could be used for 
the conservation of gene pool and for 
fishery management in this valuable 
species. Therefore, more supervision on 
genetic management programs for 
sustainable fishery and also more 
genetic and biological research would 
definitely assist in black pomfret 
populations’ conservation. 
 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       869 
References 
Abdali, S., Rezvani, S., Vosoughi, 
G.H. and Pourkazemi, M., 2007. 
Molecular markers for 
identification and differentiation of 
four species of Carangidae in 
Persian Gulf using PCR-RFLP. 
Iranian Scientific Fisheries 
Journal, 16(4), 1-14 (In Persian).  
Abubert, H. and Lightner, D.V., 
2000. Identification of genetic 
populations of the Pacific blue 
shrimp Penaeus stylirostris of the 
Gulf of California, Mexico. Marine 
Biology, 137, 875-887. 
Avise, J.C., 2002. Genetics in the wild. 
smithsonian press, Washington, 
D.C. 248P.  
Banks, S.C., Piggott, L.M., 
Williamson, J.E., Bové, U., 
Holbrook, N.J. and Beheregaray, 
L.B., 2007. Oceanic variability and 
coastal topography shape genetic 
structure in a long-dispersing sea 
urchin. Ecology, 88(12), 3055-
3064. 
Bechari, S.Y., Zolgharnein, H., 
Mohammadi, M., Salari Ali 
Abadi, M.L. and Ghasemi, S. A., 
2012. Genetic diversity assessment 
of mudskipper Periophthalmus 
waltoni using RAPD markers in 
Persian Gulf. Journal of Marine 
Science and Technology, 11(4), 62-
69. 
Belfiore, N.M. and Anderson, S.L., 
2001. Effects of contaminants on 
genetic patterns in aquatic 
organisms: a review. Mutation 
Research/Reviews in Mutation 
Research, 489, 97-122. 
Bensch, S. and Akesson, M., 2005. 
Ten years of AFLP in ecology and 
evolution: why so few animals? 
Molecular Ecology, 14, 2899-2914. 
Bishop, J.M., 2003. History and 
current checklist of Kuwait’s 
ichthyofauna. Journal of Arid 
Environments, 54, 237-256. 
Bossart, J.L. and Prowell, D.P., 1998. 
Genetic estimates of population 
structure and gene flow: 
limitations, lessons and new 
directions. Trends in Ecology and 
Evolution, 13, 202-206. 
Carpenter, K., Krupp, F., Jones, D. 
and Zajonz, U., 1997. The living 
marine resources of Kuwait, 
eastern Saudi Arabia, Bahrain, 
Qatar, and the United Arab 
Emirates. FAO Species 
identification field Guide for 
fishery purposes. 293P. 
Chapman, R.W., 1999. Stock 
identification of gag, Mycteroperca 
microlepis, along the southeast 
coast of the United States. Marine 
Biotechnology, 1, 137-146. 
Ciftci, Y. and Okumus, I., 2002. Fish 
population genetics and 
applications of molecular markers 
to fisheries and aquaculture: I- 
Basic principles of fish population 
genetics. Turkish Journal of 
Fisheries and Aquatic Sciences, 2, 
145-155. 
Dudgeon, D., Arthington, A.H., 
Gessner, M.O., Kawabata, Z., 
870 Sharifi et al., Application of AFLP molecular marker for genetic analysis of … 
Knowler, D., Lévêque, C., 
Naiman, R.J., Prieur-Richard, 
A.H., Soto, D., Stiassny, M.L.J. 
and Sullivan, C.A., 2006. 
Freshwater biodiversity: 
importance, status, and 
conservation challenges. Biological 
Reviews, 81, 163-182. 
Englbrecht, C.C., Freyhof, J., Nolte, 
A., Rassmann, K., Schliewen, U. 
and Tautz, D., 2000. 
Phylogeography of the bullhead 
Cottus gobio (Pisces: Teleostei: 
Cottidae) suggests a pre-
Pleistocene origin of the major 
central European populations. 
Molecular Ecology, 9, 709-722.  
Excoffier, L., Laval, G. and 
Schneider, S., 2005. Arlequin ver. 
3.0: an integrated software package 
for population genetics data 
analysis. Evolutionary 
Bioinformatics Online, 1, 47-50. 
Falk, D.A. and Holsinger, K.E., 1991. 
Genetics and conservation of rare 
plants. New York (NY): Oxford 
University Press. 283P. 
Faqih Ahmdany, A., Hosseini, S.J. 
and Qasemi, S.A., 2011. 
Chromosomal study of Liza 
klunzingeri and investigation of its 
genetic diversity in Hendijan 
(Khuzestan Province) and Ziyarat 
creek (Bushehr province) by using 
amplified fragment length 
difference markers (AFLP). 
Master's thesis of Marine Biology, 
Islamic Azad University of Ahvaz, 
113P. 
Han, Z.Q., Gao, T.X., Wang, Z.Y., 
Zhuang, Z.M. and Su, T.F., 2006. 
Analysis of genetic diversity of 
Nibea albiflora by AFLP markers. 
Journal of Fisheries of China, 30, 
640-646. 
Han, Z.Q., Lin, L.S., Shui, B.N. and 
Gao, T.X., 2009. Genetic diversity 
of small yellow croaker 
Larimichthys polyactis revealed by 
AFLP markers. African Journal of 
Agricultural Research, 4, 605-610. 
Hewitt, G.M., 2000. The genetic 
legacy of the Quaternary ice ages. 
Nature, 405, 907-913. 
Hellberg, M.E., Burton, R.S., Neigel, 
J.E., Palumbi, S.R., 2002. Genetic 
assessment of connectivity among 
marine populations. Bulletin of 
Marine Science, 70(Supplement), 
273-290. 
Jones, O.R. and Wang, J., 2012. A 
comparison of four methods for 
detecting weak genetic structure 
from marker data. Ecology and 
Evolution, 2, 1048-1055. 
Lewis, O.T., 2006. Climate change, 
species-area curves and the 
extinction crisis. Philosophical 
Transactions of the Royal Society 
of London, B361, 163-171. 
Lester, L.J., 1979. Population genetic 
of penaeid shrimp from the Gulf of 
Mexico. Heredity 70, 175-180. 
Liu, J.Y., Lun, Z.R., Zhang, J.B. and 
Yang, T.B., 2009. Population 
genetic structure of striped mullet, 
Mugil cephalus, along the coast of 
China, inferred by AFLP 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       871 
fingerprinting. Biochemical 
Systematics and Ecology, 37, 266-
274. 
Liu, Z., Nichols, A., Li, P. and 
Dunham, R.A., 1998. Inheritance 
and usefulness of AFLP markers in 
channel catfish (Ictalurus 
punctatus), blue catfish (I. 
furcatus), and their F1, F2 and 
backcross hybrids. Molecular and 
General Genetics. 258, 260-268. 
Liu, Z.J. and Cordes, J.F., 2004. DNA 
marker technologies and their 
applications in aquaculture 
genetics. Aquaculture, 238, 1-37. 
Ma, X.L., Cowles, D.L. and Carter, 
R.L., 2000. Effect of pollution on 
genetic diversity in the bay mussel 
Mytilus galloprovincialis and the 
acorn barnacle Balanus glandula. 
Marine Environmental Research, 
50, 559-563. 
Maes, G.E., Raeymaekers, J.A.M., 
Pampoulie, C., Seynaeve, A., 
Goemans, G., Belpaire, C. and 
Volckaert, F.A.M., 2005. The 
catadromous European eel Anguilla 
anguilla (L.) as a model for 
freshwater evolutionary 
ecotoxicology: Relationship 
between heavy metal 
bioaccumulation, condition and 
genetic variability. Aquatic 
Toxicology, 73, 99-114. 
Merril, C.R., Switzer, R.C. and Van 
Keuren, M.L., 1979. Trace 
polypeptides in cellular extracts 
and human body fluid detected by 
two-dimensional electrophoresis 
and a highly sensitive silver stain. 
Proceedings of the National 
Academy of Sciences of the United 
States of America, 76, 4335-4339. 
Meudt, H.M. and Clarke, A.C., 2007. 
Almost forgotten or latest practice? 
AFLP applications, analyses and 
advances. Trends in Plant Science, 
12, 106-117. 
Mickett, K., Morton, C., Feng, J., Li, 
P., Simmons, M., Cao, D., 
Dunham, R.A. and Liu, Z., 2003. 
Assessing genetic diversity of 
domestic populations of channel 
catfish (Ictalurus punctatus) in 
Alabama using AFLP markers. 
Aquaculture, 228, 91-105. 
Moritz, C., 1994. Defining 
“evolutionary significant units” for 
conservation. Trends in Ecology & 
Evolution, 9, 373-375. 
Nei, M., 1978. Estimation of average 
heterozygosity and genetic distance 
from a small number of 
individuals. Genetics, 89, 583-590. 
Nielsen, E.E., Nielsen, P.H., Meldrup, 
D. and Hansen, M.M., 2004. 
Genetic population structure of 
turbot (Scophthalmus maximus L.) 
supports the presence of multiple 
hybrid zones for marine fishes in 
the transition zone between the 
Baltic Sea and the North Sea. 
Molecular Ecology, 13(3), 585-
595. 
Novacek, M.J. and Cleland, E.E., 
2001. The current biodiversity 
extinction event: Scenarios for 
mitigation and recovery. 
872 Sharifi et al., Application of AFLP molecular marker for genetic analysis of … 
Proceedings of the National 
Academy of Sciences of the United 
States of America, 98, 5466-5470. 
Pati, S., 1983. Growth changes in 
relation of food habits of silver 
pomfret, Pampus argenteus. The 
Indian journal of Animal Sciences, 
53, 53-56. 
Peakall, R. and Smouse P.E., 2012. 
GenAlex 6.5: genetic analysis in 
Excel. Population genetic software 
for teaching and research–an 
update. Bioinformatics, 28, 2537-
2539. 
Qian, X., Fei, C., Shin, P.K.S., 
Cheung, S.G., Yan, C. and 
Caihuan, K., 2011. AFLP analysis 
of genetic variation among three 
natural populations of horseshoe 
crab Tachypleus tridentatus along 
Chinese coast. Chinese Journal of 
Oceanology and Limnology, 29, 
284-289. 
Reed, D.H. and Frankham, R., 2002. 
Correlation between fitness and 
genetic diversity. Conservation 
Biology, 17, 230-237. 
Reed, D.L., Carpenter, K.E. and 
deGravelle, M.J., 2002. Molecular 
systematic of the Jacks 
(Perciformes: Carangidae) based on 
mitochondrial cytochrome b 
sequences using parsimony, 
likelihood, and Bayesian 
approaches. Molecular 
Phylogenetics and Evolution, 23, 
513-524. 
Rhodes, K.L., Lewis, R.I., Chapman, 
R.W. and Sadow, Y., 2003. 
Genetic structure of camouflage 
grouper, Epinephelus 
polyphekadion (Pisces: Serranidae), 
in the western central Pacific. 
Marine Biology, 142, 771-776. 
Rohlf, F.J., 2005. NTSYS-PC. 
Numerical taxonomy and multi 
variate analysis system version 5.0. 
Department of Ecology and 
Evolution. State University of New 
York. 
Salari Ali Abadi, M.A., Rastgoo, 
A.R., Mohammadi, M., 
Archangi, B. and Qasemi, S. A., 
2012. Study of population structure 
of the Javelin Grunter, Pomadasys 
kaakan (Cuvier, 1830) using AFLP 
molecular markers in the Persian 
Gulf. Journal of Fisheries Science 
and Technology, 1(1), 27-37. 
Sambrook, J., Fritsch, E.F. and 
Maniatis, T., 2001. Molecular 
cloning: A laboratory manual, third 
ed. Cold Spring Harbor Laboratory 
Press, New York, pp. 138-153. 
Seki, S., Agresti, J.J., Gall, G.A.E., 
Taniguchi, N. and May, B., 1999. 
AFLP analysis of genetic diversity 
in three populations of Ayu 
Plecoglossus altivelis. Fisheries 
Science. 65, 888-892. 
Shokoohmand, M., Zolgharnein, H., 
Laloei, F., Forooghmand, M.A. 
and Savai, A., 2011. Genetic 
diversity assessment of 
Metapenaeus affinis in the coasts of 
Persian Gulf (Khuzestan Province) 
using microsatellite markers. 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       873 
Iranian Scientific Fisheries 
Journal, 20(3), 45-54 (in Persian). 
Sokal, R.R. and Michener, C.D., 
1958. A statistical method for 
evaluating systematic relationships. 
University of Kansas Science 
Bulletin, 28, 1409-1438. 
Slatkin, M., 1994. Gene flow and 
population structure. In: Real, LA 
(ed) Ecological Genetics. 1st 
edition. Princeton University Press, 
pp. 3-17. 
Smith-Vaniz, W.F., 1984. Carangidae: 
relationships. In: Moser, H.G., 
Richards, W.J., Cohen, D.M., 
Fahay, M.P., Kendall Jr., A.W., 
Richardson, S.L. (Eds.), Ontogeny 
and systematics of fishes. American 
Society of Ichthyologists and 
Herpetologists, 1, 522-530. 
Smith-Vaniz, W.F., 1999. Carangidae, 
Jacks and scads (also trevallies, 
queenfishes, runners, amberjacks, 
pilotfishes, pampanos, etc.), In: 
FAO species identification guide 
for fishery purposes. The living 
marine resources of the western 
central pacific. Volume 4. Bony 
Fishes Part 2 (Mugilidae to 
Carangidae). K. E. Carpenter and 
V. H. Niem (eds.). FAO, Rome. pp. 
2659–2756. 
Thorpe, J.P., 1982. The molecular 
clock hypothesis: Biochemical 
evolution, genetic differentiation 
and systematics. Annual Review of 
Ecology and Systematics, 13, 139-
168. 
Thorpe, J.P. and Solé-Cava, A.M., 
1994. The use of allozyme 
electrophoresis in invertebrate 
systematics. Zoologica Scripta, 23, 
3-18. 
Thorrold, S.R., Jones, G.P., Hellberg, 
M.E., Burton, R.S., Swearer, 
S.E., Neigel, J.E., Morgan, S.G. 
and Warner, R.R., 2002. 
Quantifying larval retention and 
connectivity in marine populations 
with artificial and natural markers. 
Bulletin of Marine Science, 
70(Supplement), 291-308. 
Tudela, S., Garca-Marn, J.L. and 
Pla, C., 1999. Genetic structure of 
the European anchovy, Engraulis 
encrasicolus, in the north-west 
Mediterranean. Journal of 
Experimental Marine Biology and 
Ecology, 234, 95-109. 
Vos, P., Hogers, R., Bleeker, M., 
Reijans, M., Lee, T., Hornes, M., 
Friters, A., Pot, J., Paleman, J., 
Kuiper, M. and Zabeau, M., 
1995. AFLP: a new technique for 
DNA fingerprinting. Nucleic Acids 
Research, 23, 4407-4414. 
Waples, R.S., 1998. Separating the 
wheat from the chaff: patterns of 
genetic differentiation in high gene 
flow species. Journal of Heredity, 
89, 438-450. 
Wang, Z., Jayasankar, P. and Khoo, 
S.K., 2000. AFLP fingerprinting 
reveals genetic variability in 
common carp stocks from 
Indonesia. Asian Fisheries Science, 
13, 139-147. 
874 Sharifi et al., Application of AFLP molecular marker for genetic analysis of … 
Wang, Z., Wang, Y., Lin, L., Hong, 
H., Zhang, Y., Khoo, S.K. and 
Okamoto, N., 2001. Genetic 
variation and divergence of Pagrus 
major from China seas using AFLP 
fingerprinting. Journal of Fisheries 
of China, 25, 289-293. 
Wang, J., 2013. On the measurements 
of genetic differentiation among 
populations. Genetics Research, 
94, 275-289. 
Whitehead, A., Anderson, S.L., 
Kuivila, K.M., Roach, J.L. and 
May, B., 2003. Genetic variation 
among interconnected populations 
of Catostomus occidentalis: 
implications for distinguishing 
impacts of contaminants from 
biogeographical structuring. 
Molecular Ecology, 12, 2817-2833. 
Witzell, W.N., 1978. Apolectus niger 
(family Apolectidae): synonymy 
and systematics. Matsya, 3, 72-82. 
Wright, S., 1949. The genetical 
structure of populations. Annals of 
Eugenics, 15(1), 323-354. 
Wright, S., 1978. Evolution and 
genetics of populations: Variability 
within and among natural 
populations. University of Chicago 
Press, Chicago, 465P. 
Yeh, F.C. and Boyle, T.J.B., 1997. 
Population genetic analysis of co-
dominant and dominant markers 
and quantitative traits. Belgian 
Journal of Botany, 129, 157. 
Young, W.P., Wheeler, P.A., Coryell, 
V.H., Keim, P. and Thorgaard, 
G.H., 1998. A detailed linkage map 
of rainbow trout produced using 
doubled haploids. Genetics, 148, 
839-850. 
Zawadzki, C.H., Renesto, E., Peres, 
M.D. and Paiva, S., 2008. 
Allozyme variation among three 
populations of the armored catfish 
Hypostomus regani (Ihering, 1905) 
(Siluriformes, Loricariidae) from 
the Paraná and Paraguay river 
basins, Brazil. Genetics and 
Molecular Biology, 31(3), 767-771. 
Zhang, Q.Q., Xu, X.F., Qi, J., Wang, 
X.L. and Bao, Z.M., 2004. The 
genetic diversity of wild and 
farmed Japanese Flounder 
populations. Journal of Ocean 
University of China, 34, 816-820. 
Zhang, J.B., Cai, Z.P. and Huang, 
L.M., 2006. Population genetic 
structure of crimson snapper 
Lutjanus erythropterus in East 
Asia, revealed by analysis of the 
mitochondrial control region. ICES 
Journal of Marine Science, 63: 
693-704. 
Zhao, F., Dong, Y., Zhuang, P., 
Zhang, T., Zhang, L. and Shi, Z., 
2011. Genetic diversity of silver 
pomfret (Pampus argenteus) in the 
Southern Yellow and East China 
Seas. Biochemical Systematics and 
Ecology, 39, 145-150. 
Zhao, Y., Li, Q., Kong, L., Bao, Z. 
and Wang, R., 2007. Genetic 
diversity and divergence among 
clam Cyclina sinensis populations 
assessed using amplified fragment 
Iranian Journal of Fisheries Sciences 14(4) 2015                                       875 
length polymorphism. Fisheries 
Science, 73, 1338-1343. 
